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BULK POWER FACILITIES - SOUTHWESTERN ONTARIO 
SUPPLEMENTARY INFORMATION 


INTRODUCTION 


In December 1978, Ontario Hydro forwarded a 
submission entitled "Requirement for Additional Bulk Power 
Facilities in Southwestern Ontario" to the Royal Commission 
on Electric Power Planning. The Commission, in conducting 
an initial review of the submission, concluded that 
additional clarifying information would be useful, 
particularly as many readers would not have ready access 
to the evidence previously given by Ontario Hydro to the 
Commission. This document has been prepared to answer 
certain questions addressed to Ontario Hydro by the 
Commission in connection with the upcoming Southwestern 
Ontario hearings. It is hoped that the answers will assist 
in understanding Ontario Hydro's approach in assessing 
future load growth, some of the technical information and 
references in the submission, and the factors affecting the 
capability of the power system to supply load. 


As outlined in the Commission's terms of reference, 
the regional hearings in Southwestern Ontario will deal 
with: 


1. The electrical load growth in Southwestern Ontario 
Cowl Peace COMNEL IO? mCOnvedt 2,000 s 


2. the capability of existing and committed bulk 
power generating and transmission facilities to 
supply this load, taking into account government 
policy with respect to use of interconnections 
with neighbouring utilities; and 


3. the resulting date at which additional facilities 
if any, will be needed. 


The Commission is not required to report on the specific 
nature of any additional bulk power facilities that may be 
required, nor the location and environmental aspects of 
such facilities, and has indicated that it will not hear 
Submissions on those topics. In the event that the 
Commission finds that additional facilities will be needed, 
these aspects would be reviewed at a subsequent date in 
accordance with the Environmental Assessment Act. 
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Question: 


Answer: 


Does Ontario Hydro's load forecasting 
process use estimates of various factors 
such as population growth rates, growth in 
households (including type of housing and 
heating), commercial manufacturing and 
industrial growth and the related uses of 
electricity, and technological change in the 
use of electricity in order to forecast 
electrical growth? If so, could such 
estimates be provided. 


Estimates of such factors, and their 
relationship to electrical growth, represent 
the type of information which is useful when 
an end-use or explanatory approach is being 
used in forecasting. This has not been the 
approach taken by Ontario Hydro, with the 
result that the data gathered for Ontario 
Hydro's load forecasting is not of this type 
and has not been organized in this way. 


However, the load forecasting methodology 
used by Ontario Hydro does rely heavily on 
estimates of local load growth provided by 
Hydro's wholesale customers (the municipal 
utilities), by direct industrial customers 
and by Ontario Hydro's regional offices 

(for retail areas serviced directly by 
Ontario Hydro). Embedded in these estimates 
are judgements based on first hand knowledge 
of the demand for electricity and local 
activites, factors or trends which will 
change these demands. During its 
participation in the regional hearings, it 
is intended that Ontario Hydro's regional 
personnel will be presenting, for discussion 
with the Commission, the local information 
which appears most pertinent to load growth 
in certain key areas in Southwestern 
Onvarro. 


The load growth estimates prepared at the 
local level are examined by the Regional 
Office staff for consistency and accuracy 
and any apparent anomalies are reviewed with 
the reporting agency. The estimates are 
then aggregated and the totals are examined 
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by head office staff. for consistency, 
including consistency with general 

BconOml Gecondi tionsiemAlso at this point 
computer calculations are done to produce a 
system \forecastewhichtis used for 
comparative purposes. The computer models 
used for these calculations assist in 
assessing the varying influences of 
alternative assumptions regarding economic 
indicators (including employment, 
productivity and income), demographic 
indicators, and certain other indicators. 
From these studies a range of projections is 
developed and a resultant most probable 
forecast is established, which has taken 
into account both local considerations and 
more general economic factors. 


For instance, although recent trends in 
conservation and other customer actions tend 
to be reflected in the returns from the 
local areas and direct customers, an attempt 
is made to capture longer term gains in 
conservation, load management and improved 
end usceclL il Clency yoredections. in the 
overall total aggregated forecast. 


Some of the data utilized in the load 
forecasting process is developed within 
Ontan onhyd. oj ein conjunction with other 
government agencies where appropriate. 

For the socio-economic data useful in 
determining overall provincial and regional 
trends Ontario Hydro relies mainly on 
information published by the provincial and 
federal government agencies. Examples are 
the annual publication of Ontario 
Statistics, the Annual Census of 
Manufacturing (derived from the Statistics 
Canada Survey) and population projections 
(prepared by TEIGA), all provided by the 
provincial government. Use is also made of 
Statistics Canada's "CANSIM" data base for 
historical time series disaggregation by 
regions and other characteristics. 
Additional information is also used such as 
the Canadata Construction File. 
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A copy of the most recent populations 
projections for the study area broken down 
by age group, sex and county has been 
provided to the Commission. This was 
prepared by Ontario Hydro from information 
developed by the Ministry of Treasury, 
Economics and Intergovernmental Affairs 
based on the 1976 mid-decennial survey. The 
graph opposite shows the total population 
forecast assuming low fertility rate and 
varying net migration into the province. 


As previously indicated, estimates of 
factors which are useful in an end use 
approach to forecasting, similar to those 
mentioned in the Commission's question are 
not developed and used in the current 
forecast methodology. They are, however, 
developed by the CEA-SRI model discussed in 
the submission. 


The complete set of historical data and the 
resultant forecasts for base scenario 
(Scenario 1) identified in the main 
submission is provided in Appendix A. This 
includes information on population, 
employment, number of households, both 
historical and predicted, as well as the 
related electrical energy growth. It must 
be emphasized that little experience has 
been gained to date with this model and the 
three scenarios in the submission indicate 
the effects of changing only a single input 
variable, the Ontario Gross Domestic 
Provincial Product. Until an understanding 
of the limitations, strengths anu weaknesses 
of the model have been developed it will not 
be heavily relied upon in arriving at an 
official load forecast and the range of 
uncertainty associated with such forecast. 
It is however a useful analytic tool when 
comparing the effects on load growth in 
various energy sectors of a variety of 
postulated conditions. 


At this stage in the development of the use 
of this model only limited capability has as 
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https://archive.org/details/31/761118485/62 


Question: 


Answer: 


yet been developed to break the overall 
provincial historical data base and 
assumptions down to a regional basis. This 
undoubtedly affects the accuracy of the 
results, for any set of assumptions, as they 
would apply to a specific region. 


In discussing the ability of existing and 
committed bulk power facilities to supply 
load in Southwestern Ontario the governing 
criteria are stated to be the "Basic Criteria 
for Design and Operation of Interconnected 
Power Systems" adopted by the Northeast 

Power Co-ordinating Council (NPCC). What 

are these reliability and security criteria 
and how do they apply to the Ontario Hydro 
system. 


To assist planners and operators in 
achieving reliable service to the customer, 
design and operating criteria and guides 
have been developed. Prior to 1965, Ontario 
Hydro, and the Utilities connected to the 
Ontario Hydro system, had not adopted formal 
criteria governing system reliability. 


On November 9, 1965, a massive power failure 
occurred which blacked out an area of 80,000 
Square miles and affected the supply to 30 
million people for periods ranging up to 
more than half a day in some locations. The 
affected area included New England, New York 
and Ontario. 


This event highlighted the need for 
effective co-ordination of planning between 
interconnected utilities to attempt to 
ensure that such a massive cascading of 
system failures could not occur again. The 
NPCC was formed in January, 1966, and now 
comprises a total of 21 utilities including 
Ontario Hydro. 


The objective of the Council is to assure 
adequate reliability of service to the 
utilities’ customers. Its serves as a 
central co-ordinating agency for reviewing 
system expansion plans and operating 
procedures of member systems. 
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A number of criteria for the design, 
operation and maintenance have been 
developed and adopted by the member systems. 
These are detailed in a document entitled 
"Basic Criteria for Design and Operation of 
Interconnected Power Systems" attached as 
Appendix "B" to this submission. The Three 
key principles embodied in the criteria 

are: 


1) There should be adequate transmission to 
ensure that, in the event of the failure 
of a system element such as a generator, 
a transmission circuit, a transformer or 
a circuit breaker, cascading outages or 
major power interruptions will not 
OCCur. 


2) The system should be operated within 
limits so that the loss of a system 
element will not precipitate cascading 
outages. 

3) Plans should be made to minimize the 
size and duration of outages resulting 
from either operating error or from the 
loss of multiple facilities such as a 
four-unit generating station, all 
circuits on a transmission line right-of 
Or a major load. 


The reliability of supply to an individual 
customer is dependent not only on the local 
distribution system but on the strength and 
capability of the whole bulk power supply 
system and the reliability of the various 
interconnected utilities. 


Compliance with the criteria insures that 
adequate levels of reliability will be 
maintained throughout the interconnected 
systems, so that widespread outages due to 
failures of the bulk power system will be 
infrequent. 


The application of these principles and 
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criteria requires careful attention in the 
design of the system and the elements of the 
system. In both the planning and operating 
phases a great deal of computer testing is 
done to determine safe operating limits for 
various system conditions. 


It is neither feasible nor necessary to test 
all elements of the power system for all of 
the conditions outlined in the criteria. 
From experience and judgement, the more 
severe and reasonably probable load and 
generation conditions are identified. 
Mathematical models of the power system are 
then used to determine if the system 
performance is adequate under these 
conditions. If the system is found adequate 
for these more severe contingencies it 
should be adequate for most contingencies. 


For supply to Southwestern Ontario, three 
Critical system conditions were identified. 
These conditions reflect the intent of the 
NPCC basic criteria. The conditions are: 


Ant aLOSSeOhean2 -clLrcubt line-withweall other 
circuits in service; one unit producing 
at full output at at Lambton GS; and 
zero net exchange of power with Michigan. 


B.. boss of a.2ecebrcult line with: one 
circuit already out of service; three 
units in producing at full output at 
Lambton GS; and zero net exchange of 
power with Michigan. 


Gest °LOsssot d+singleé®circuit' with all other 
circuits in service; three units 
producing at full output at Lambton GS; 
and a 2000 MW sale to Michigan. 


In Condition "A" it is assumed that all 
transmission circuits are initially in 
service and one of the four Lambton 
generators is in service. It is assumed 
that there are no sales taking place to the 
United Stated. Under these conditions, the 
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loss of a 2 circuit line would be a less 
severe contingency than with more of the 
Lambton generators in service. While more 
than one Lambton generator will be available 
for service there have been a number of 
times when problems with coal supply, fish 
in the water intake and unit problems have 
required a reduction in the power output of 
Lambton GS to the level of one unit or less. 
Since a two circuit outage can occur 
suddenly and without warning, the system 
should not be called upon to supply a load 
level. in, excess of. that which it can supply 
after, thestwoucircultisloss, 


In Condition 5b. -eOner transmission: ciccuLie 
LS" Tnitiallysoutgoreservice, threesoutwor 
the four Lambton units are in service and 
there are no sales to United States 

VEL oles 


In "¢riterion. Cc’, all transmission circuice 
are initially in service, three out of the 
four units are producing at full output at 
Lambton GS and there is a 2000 MW sale to 
Michigan sa eFor) this, conditionaa Jess severe 
is considered warranted because there is no 
assurance there will be such sales and 
interruptible power sales to Michigan could 
be interrupted in the event of storm 
warnings or other evidence of an impending 
emergency. 


Testing of the system model requires that 
the loading on all elements be examined to 
ensure that the capability of each element 
is not exceeded and that the system will be 
transiently stable, i.e., it will settle 
down to a new condition without initiating 
cascading outages. 


It is possible that the system could be in a 
stable state and the loss of a system 
element would apparently result in another 
stable state in which load and system 
capability would be matched. It may not 
however be possible to make a transition 
from one state to the other state without 
Other elements of the system being lost. 
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For instance, when Bruce B units start 
coming into service in 1982, and without the 
installation of additional transmission 
facilities, the capability of the system to 
supply load in Southwestern Ontario will be 
affected because the system would be 
transiently unstable for a number of 
possible faults. Such instablity could 
result in widespread blackouts in Ontario 
and in parts of the United States. To 
prevent this from occurring generators would 
be disconnected from the system (generation 
rejection) to reduce the power flow from 
Bruce and it would also be necessary to 
reject load from the system i.e. interrupt 
power to some customers. To be effective, 
the disconnection of the generators and 
interruption of the load must take place 
within a fraction of a second after the 
circuiLc, 1S faulted, 


As noted earlier, it is the intent of the 
NPCC criteria to prevent widespread power 
interruptions by ensuring there are adequate 
transmission and generation facilities. When 
the timely installation of requisite bulk 
power facilities is delayed for whatever 
reason, it becomes necessary to resort to 
measures which permit Ontario Hydro to live 
up to the intent of the criteria insofar as 
this is possible. Examples of these measures 
are: using generation rejection to increase 
operating limits; using of load rejection 
i.e. load is rapidly disconnected from the 
system when a transmission circuit or other 
element is faulted; and running uneconomic 
generation. For example, the output of 
Bruce GS could be limited and other more 
costly generation could be run to replace 
the Bruce output. 

The criteria for the bulk power system are 
backed up by other criteria or design 
guidelines to ensure the adequacy of supply 
to local loads. One of these, entitled 
"Guides for Planning Area and Regional 
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Questions: 


Answer: 


Supply Facilities" was included as Appendix 
"103" of the Ontario Hydro Memorandum to the 
Commission entitled "Reliability", dated 
May rl976, (Exhibit.20-0). A copy of these 
guides is attached as Appendix "B" to this 
document. The intent of the guides is to 
minimise the frequency and duration of 
secvice interruptions. 


These guides apply to subsystems and are 
consistent with the overall NPCC criteria, 
and recognize that the reliability of supply 
to an individual customer is dependent on 
both the local distribution system and 
strength and capability of the whole bulk 
power system and the reliability of the 
various interconnected utilities. 


What value do the customers place on 
reliability of service? 


Ontario Hydro has recently undertaken a 
number of survey of customers attitudes to 
reliability of supply in various customer 
groups. Three reports namely those 
providing the response from large industrial 
customers, small industrial customers and 
farm customers, have been finalized and 
filed with the Commission and reports 
dealing with responses from commercial, 
institutional and residential customers are 
being prepared. The average value which the 
various classes of customers place on an 
interruption in their supply is shown in the 
figure opposite. It will be seen that the 
farm group placed the highest value on 
reliability of service, followed by small 
industry, large industry, commercial group, 
institutions and finally residential 
customers. 


What are the “existing and committed bulk 
power generation facilities" and what is 
their role in meeting load? 


The existing and committee bulk power 
genertating facilities at the boundary of or 
within the study area includes. 
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DURATION OF INTERRUPTION IN HOURS (LOG SCALE) 
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Hydraulic 
Eugenia GS 


Nuclear 
Douglas Pt. 
Bruce "A" GS 
Bruce "B" GS 
Coal 

OeCue Rel CH 


Lambton 
Nanticoke 


Oil Combustion 


Turbines 


Lambton GS 


J -CAnKerth Gs 


Sarnia Scott 
Detweiler 
Bruce A 
Nanticoke 
Bruce 

Bruce B 


Installation Date 


Nominal Capacity 


LOLS = eye 3.5 MW 
L967 206 MW 
RS yee Ae aT Rs 2960 MW 
19G2 0 wt 9bo 3024 MW 
dhe Royse eae hs Hse) 254 MW 
SS ee 1980 MW 
iS ad Sg) 3920 MW 
1967 22 MW 
1967 7 MW 
19659 =~ S66 71 MW 
Loy 75 MW 
LOT Seto 6 56 MW 
LO 22 MW 
T9%6 42 MW 
L981 Pe 1983 56 MW 


The load characteristics set the operating 
conditions which must be met by the various 
power resources on the system. In addition 
to following the instantaneous changes in 
demand the generating capacity must also be 
capable of meeting large variations in daily 
loads, reducing the energy production during 
the nighttime hours, and increasing it 
rapidly in the morning as load builds up. 
Apart from safety, the first consideration 
is to operate the system reliably, and the 
second consideration is to do this at lowest 
COSC. 


The reliability of the existing system is 
dependent on the operation of generation 
located in diverse geographic locations, and 
the scheduling of generation operating 
reserves which must be held in readiness to 
replace unforeseeable failure of generating 
unos. 
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CORRECTION 


delete "in" 
delete "than" 


add "disturbance" 
after "severe" 


delete "of" 


"survey" should read 
"surveys" 


"genertating" should 
read "generating" 


"arew" should read "are" 
insert "of rate 
increases on" after 


"impact". 


"generate" should 
read “terminate” 
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Question: 


Cost considerations lead to specific 
"Stacking" or "merit" order loadings of 
generation. These are generally aimed at 
achieving least possible use of the more 
expensive fuels. 


For example, available hydraulic energy is 
used first, then nuclear followed by coal 
and oil. »(Gasjis burned at the Hearn Plant 
in Toronto under existing contracts but it 
is planned to decrease gas usage). Energy 
produced by combustion turbine units is 
considerably more costly than energy 
produced by large units. Typical average 
running and operating costs per 
kilowatt-hour are.hydraulic .1 cents, 
nucledhmeeomecents, coal il .5 cents, sollte? .5 
cents, combustion turbines 5.0 cents. 


Because of their energy production costs the 
nuclear units are designed to operate as 

continuously as possible. Coal-fired units 
are operated to meet irregular loads because 
of much higher fuelling cost. Combustion 

turbine units are used primarily to provide 
capacity for short periods during the winter 
peak. 


Lf energy is, locked: sin at .a +hydrauluc .onva 
nuclear plant the cost penalty can be very 
High. sor. example, at Bruce GS the need to 
replace nuclear energy with coal and oil 
energy resulted in a penalty of about 13 
million dollars during 1978, even though it 
was possible to transmit most of the energy 
OU OL Brice... ‘Tne snoss of the output tof a 
750 unit for 1 hour, assuming the energy is 
replaced by coal-fired capacity, would cost 
about $10,000. 


What are "existing and committed bulk power 
transmission facilities" in Southwestern 
Ontario and what are the "stop-gap measures" 
being taken to increase their capability to 
supply load in the area? 


- 417 


Line 
Number 


-~ 


Answer: 


The existing and committed bulk power 
transmission facilities in the study area 
are shown on Figure 2 of the main submission 
Power from generating stations is generally ; 
transformed to a higher voltage for 
transmission to point of use, or load 
centres. Ontario Hydro's bulk power 
transmission lines operate at voltages of 
5004KV (5005000 wollttcyte 230 0k, sone tt Ski 
The bulk power transmission network is 
designed so that the generation at a number 
of diverse locations can be used to supply 
the main load. 


Near the load centers, electricity is taken 
from the bulk power transmission network and 
stepped down through transformers to lower 
voltages for transmission to locations 
closer to the loads. Voltages may range 
PrOmmcoU KV LOu 2). Onis 


For the bulk power system, it is the 
capability of the system to maintain an 
adequate supply of power to the major 
transformer stations which is most important 
for the critical load area in Southwestern 
Ontario. The forecast station loads are set 
out in Figure 6 of the main submission. 


At the load centres, electricity is stepped 
down through transformers to lower voltages, 
for distribution to locations adjacent to 
ultimate customers. At these locations the 
voltage is stepped down further to deliver 
electricity to customers at the voltages 
they use. Small customers take electricity 
atjll5y.volts or 2300 volts but large 
customers take electricity at higher 
voltages. 


In Southwestern Ontario 230 kV is used as 
the bulk power transmission voltage. The 
critical facilities for the supply of 
Southwestern Ontario consist of the 230 kV 
lines interconnecting the Hamilton, 
Kitchener and London areas. These lines 
have been in-service for many years. . They 
were Originally installed to bring power 


- 42- 
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from the hydraulic generation at Niagara and 
in eastern and northern Ontario to the 
loads in southwestern Ontario. The 
construction of J. Clark Keith GS in the 
early 1950's and Lambton GS in the late 
1960's reduced the westward power flow on 
the lines and at times reversed its 
direction. In more recent years the 
increasing load in southwestern Ontario has 
increased the westward flow in the more 
critical transmission lines and now require 
that measures be taken to increase the 
capacity of these lines. 


These measures are called stop-gap measures 
because they are remedial measures only 
until new bulk power facilities can be 
placed “in service. 


Stop-gap measures to uprate transmission 

lines require some combination of the 

following: 

- restringing a line with heavier 
conductors 

= raising towers by adding extensions 

- replacing angle and anchor towers with 
stronger towers on new foundations. 


Stop-gap measures at major transformer and 
switching stations require the following 
type of work: 


- replacing or uprating current carrying 
parts of station equipment such as 
circuit breaker, line disconnects, 
station .buswork,;.eic. 

- installing large banks of static 
capacitors. 


The static capacitors are required to ensure 
acceptable system voltages. required at the 
heavier loadings of the transmission system. 
If the capacitors were left in service at 
times when lines are lightly loaded (eg. at 
night), the system voltages 
would be too high. Therefore it is 
necessary to switch the capacitors on and 
off to match the loading on the transmission 


Question: 


Answer: 


lines<a! Lieaitransmirssion circuitwis faulted 
and switched out of service, then the 
loadings on the lines remaining in service 
are increased. If blackouts are to be 
avoided then the static capacitors must be 
switched on immediately by automatic 
controls. The automatic control schemes 
must be carefully designed to function 
correctly under all system conditions. 


The stop-gap measures are complex, requiring 
many thousands of hours of engineering study 
and design which are still ongoing. Final 
estimates of the costs of stop-gap 
facilities are not yet available. However, 
preliminary estimates indicate that the 
total cost, will. be about $60,000,000. It is 
expected that the stop-gap measures will 
have limited value after the major bulk 
facilities are placed in service. 


On page 15 of the document "Requirements for 
Additional Bulk Power Facilities in 
Southwestern Ontario" a summary was provided 
of the expected capacity improvements in the 
Critical transmission lines as a result of 
these stop-gap measures, 


How are the capability of existing and 
committed bulk power facilities and the use 
of interconnections with neighbouring 
utilities related? 


Ontario Hydro is interconnected with power 
systems in the Provinces of Manitoba and 
Quebec and the States of Michigan and New 
York. These interconnections affect the 
capability to supply load by providing 
improved reliability against operating 
problems which arew encountered on the 
system from time to time. In addition, they 
allow an interchange of power between 
systems whose heaviest loads may develop at 
different times of the year, and can reduce 
power and energy losses on the transmission 
system because of the additional 
transmission paths available for power flows. 
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Interconnections also permit economy sales 
between systems, allowing one system which 
may have surplus generation which can 
produce energy at a lower cost to sell such 
energy to a neighbouring system which would 
otherwise have to operate higher cost 
generating units or purchase higher cost 
energy elsewhere. Such sales from Ontario 
to the United States can be interrupted if 
emergencies arise requiring the power within 
Onivarlo. *Durming’ 49765" 1977 and 1978 Hydro 
had earned more than $575 million in gross 
revenues from power exported to the U.S. 
This revenue has made a substantial 
reduction in the impact Ontario power 
consumers in the past couple of years. 
There may be greater opportunities for 
profitable sales in the future. 


Power which is exported to or imported from 
other utilities must be considered when 
determining the required capability of 
transmission facilities. In the future, 
inadequate transmission facilities could 
eliminate the possibility of making 
profitable sales to the United States. 


Also in April 1978, the Ontario Government, 
on being advised by Ontario Hydro of the 
potential for excess generating capacity on 
the Ontario Hydro system, requested that 
Ontario Hydro investigate opportunities for 
export of firm power to neighbouring 
utilities. The status of these studies was 
described in Ontario Hydro's submission to 
the Commission "Total Electric Power System" 
dated Oetooer 1978, a copy of which can be 
obtained either from the Commission or from 
Ontario Hydro. 


Essentially the work of identifying 
potential sales is still ongoing but the 
possibilities of taking advantage of such 
sales would be limited by the strength of 
the bulk power transmission system and by 
the capacity of the interconnections. 


Line 
Number 


Question: 


Answer: 


Could you provide statistics on 
transmission line and switchgear failure in 
Southwestern Ontario? 


The tablesyin Appendix,"D"; provide failure 
Statistics for the 9 critical 230 kV circuits 
in Southwestern Ontario. The circuits are 
identified by their operating designation, 
eg. D4W. The stations at which these 
circuits generate and their geographical 
location can be seen by reference to figures 
lisand 2) of, Ghesmainesubmission. 


The statistics provide the average annual 
frequency and duration of outages due to all 
causes except those scheduled for line 

work. 
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BASIC CRITERIA FOR 
DESIGN AND OPERATION 
OF INTERCONNECTED 
POWER SYSTEMS 


Originally adopted by the members 

of the Northeast Power Coordinating 
Council, September 20, 1967. Revision 
adopted by the members of the Northeast 
Power Coordinating Council, July 31, 1970. 
Revision adopted by the members of the 
Northeast Power Coordinating Council, 

June 6, 1975. 
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The purpose of the Northeast Power Coordinating Council is 
to improve the reliability and efficiency of the interconnected 
power systems of its members through improved coordination in 
system design and operating procedures. 

One of the steps in reaching this objective is ae develop- 
ment of criteria that will be used in the design and operation 


of the major interconnected power systems. Definitions of sev- 


-eral terms used in the following paragraphs are listed in the 


Appendix. 

It is recognized that more rigid criteria will be applied 
in some segments of the Council area because of local consider- 
ations. It is also recognized that the basic criteria are not 
as rain applicable to those elements of the individual mem- 
bers' systems that are not a major. part of the interconnected 
transmission network. 

The transmission criteria are applicable either to the areas 
(New Brunswick, New England, New York or onearia) or to the en- 
tire Council interconnection in its relations with neighboring 
WOOOLS: x 

An interconnected power system should be designed and oper- 
ated at a level of reliability such that the loss of a major 
portion of the system would not result from reasonably paredee 
able contingencies. In determining this reliability, it ene 
be desirable to give consideration to all combinations of con- 


tingencies occurring more frequently than once in some stipula- 


ted number of years. However, sufficient data and techniques 


=e pe 


are not available at the present time to define all the contingencies 
that could occur or to assess and-rank their probability of occurrence. 
Therefore, it is proposed that the interconnected power systems be 
designed and operated to meet certain specific contingencies. Loss 

of small portions of the system (such as radial portions) may be tol+ 
erated, provided that these do not jeopardize the integrity of the 
over-all interconnected power systems. 

The following criteria for design and operation of interconnected 
power systems define area generation and transmission requirements. 

In addition, criteria for determining inter-area transmission transfer 
capabilities are defined. 

Two categories of transmission transfer capabilities. are to be 
considered: normal and emergency. Normal conditions are to be as- 
sumed unless an emergency, as defined by Item 2 in the “List of Deting. 
tions", exists. 

Design studies will assume applicable contractual transfers and 
the most severe expected load and: generation conditions. Operating 


transfer capability studies will be based on the particular load and 


generation ‘pattern expected to exist for the period under study. All 


reclosing facilities will be assumed in service unless it is known 


that such facilities have been rendered inoperative. 


. GENERATING CAPACITY 


Generating capacity will be installed and located in sucha 
manner that after the due allowance for required maintenance and 
expected forced outages, each area's generating supply will “vel! 
or exceed area load at least 99.9615 percent of the time. This is 


equivalent to a "loss-of-load probability of one day in ten years". 


AREA TYANSMISSTON REQUIREMENTS 


The power system should be designed with sufficient transmission 


_capacity to serve area loads under the conditions noted below. The 


power system should also be operated in such a manner that the design 
objectives are fulfilled. 
3.1 Stability Conditions 

Stability of the interconnected power systems shall 
be maintained during and saci the most severe of the con- 
ditions stated in a, b, c, d, and e below. Also, the sys- 
tem must be adequate for testing of the outaged element as 
described in "a" through "e" by manual reclosing Breer the 
outage and before adjusting any generation. These require- 
ments will also apply after any critical generator unit, trans- 
mission circuit, or transformer has already been. lost, assuming 
that the area generation and power flows are adjusted between 
outages by use of Five-Minute Reserve. 
a. A permanent three phase fault on any generator, 

transmission circuit, transformer or bus sec- 

tion, cleared in normal time, with due regard 

to reclosing facilities. 
b. Simultaneous permanent phase to ground faults 

on different phases of each of two adjacent 

transmission circuits on a nye LPS transmis- 

msiep circuit tower, cleared in normal time, 

with due regard to reclosing facilities. 
CG. » A Renn phase to ground fault on ee gen- 


erator, transmission circuit, transformer, 


sy fp 


or bus section with delayed clearing and with 
due regard to reclosing facilities. This de- 
layed clearing eseratee due to circuit breaker, 
relay system or signal channel malfunction. 

d. Loss of any element without a pace 

ee A permanent phase to ground fault on a circuit 
breaker, cleared in normal time, and with due 
regard to reclosing facilities, 

32 Steady State Conditions 

a. Voltages, line and equipment loadings shall be 
within normal limits for preadiscirhance con- 
ditions. 

De Voltages, line and equipment loadings shall be 
.be within aped teen emergency limits for 
the system load and generation conditions 
that exist following the disturbance speci- 


fied:ini3.14 


TRANSMISSION CAPABILITIES 


Transfers of power from one area to another, as well as with- 
in areas, should be considered in the design of inter-area trans- 
mission and internal area facilities. 

Operating capabilities shall be adhered to for normal trans- 
fers and transfers during emergencies. These capabilities will 
be based on the facilities in service at the time of the transfers. 
In determining the emergency transfer capabilities, it is assumed 
that a less conservative margin is justified. 

Transmission transfer capabilities shall be determined under 


the following conditions: 


4.1 


Normal Transfers 


4.1.1 


Stabklity Conditions 


Stabllity of the interconnected power systems 


Shall be maintained during and after the most 


severe of the conditions stated in a, b, c, d, 


and e below. Also, the system must be adequate 


for testing of the outaged element as described 


in 


a through “e by manual reclosing after 


the outage and before adjusting any generation. 


a. 


A permanent three phase fault on any gener- 
ator, transmission circuit, transformer, 

or bus section, cleared in normal time, with 
due regard to reclosing facilities. 
Simultaneous permanent phase to ground faults 


on different phases of each of two adjacent 


_ transmission circuits on a multiple transmis- 


ston circuit tower, cleared in normal time, 
with due regard to mea taeine facilities. 

A permanent phase to ground fault on any gen- 
erator, transmission circuit, transformer, or 
bus section with delayed clearing and with 
due regard to reclosing facilities. This de- 
layed clearing could be due to circuit breaker, 
relay system or signal channel malfunction. 
Loss of any element without a fault. 

A permanent phase to ground fault on a circuit 
breaker, cleared in normal time, and with due 


regard to reclosing facilities. 


4.1.2 


Gee 


\ 


Steady State Conditions 


a. For the facilities in service during the 
transfer, voltages, line and equipment 


loadings shall be within normal limits. 


b. Voltages, line and equipment loadings 


shall be within applicable emergency lim- 
its for the system load and generation 
conditions that exist following the dis- 


turbance specified in 4.1.1. 


4.2 Emergency Transfers 


4.2.1 


4.2.2 


Stability Conditions — 


Stability of the interconnected systems shall 


_ be maintained during and after the most severe 


conditions in "a" and np" below. System condi- 

tions may be adjusted before the outaged ele-. 

ment as described in "a" and "b" below is 

tested. | 

a. A permanent three phase fault on any 
generator, ,transmission circuit, trans- 
«ormer, or bys section, cleared in normal 
time and with due regard to reclosing 
facilities. 

b. Loss of any element without a fault. 

Steady State Conditions 

a. For the facilities in service during the 
transfer, voltages, line and equipment 
loadings shall be within applicable 


emergency limits. 


b. Voltages, line and equipment loadings shall 


Py El 


be within applicable emergency limits 


following the disturbance in 4.2.1. 


5. POSSIBLE BUT IMPROBABLE CONTINGENCIES 


Studies will be conducted to determine the effect of the follow- 


ing contingencies on system performance and plans will be developed 


to minimize the spread of any interruption that might result. 


a. 


b. 


Loss of the entire capability of a generating station. 
Loss of all lines emanating from 4 generating station, 
switching station or substation. 


Loss of all transmission circuits on a common right-of- 


“way. 


Permanent three phase fault on any generator, transmission 
circuit, transformer, or bus section, with delayed clearing 
and with due regard to reclosing facilities. This delayed 
clearing could be due to circuit breaker, relay system or 
signal channel malfunction. 

The sudden deupp ive? Che large load or major load center. 
The effect of severe power swings arising from disturbances 


outside the Council's interconnected systems. 


='8= 


APPENDIX - LIST OF DEFINITIONS 


AREA 
An area is defined as either New Brunswick, New England, 
New York or Ontario. 

EMERGENCY 


An emergency is assumed to exist in an area if firm load 
may have to be dropped because sufficient power is unavailable in 
that area. Emergency transfers are applicable under such con- 
ditions. 

APPLICABLE EMERGENCY LIMITS 

These limits depend on the duration of the occurrence, and 
on the policy of the various member systems of NPCC regarding 
loss of life eter 3S a ee voltage limitation, etc. 

Short time emergency limits are those which can be utilized 
for at least five minutes. 

The limiting condition for voltages should recognize that 
voltages at key locations should not drop below that cetbineiaee: 
suitable system stability performance, and should not adversely 
affect the operation of the interconnected systems. 

The limiting condition for aghiees loadings should be such 
that cascading will not occur due to operation of protective de- 
vices on the failure of facilities. 

FIVE-MINUTE RESERVE 

Five-Minute Reserve is that portion of unused generating 
capacity which is synchronized to the system, and is fully avail- 
able within five minutes, plus that portion of capacity available 
in shut down generating units, in pumpeu hydro units and by cur- 


tailing interruptible loads which is fully available within five 


minutes. 


-~ 9 - 


5. “WITH DUE REGARD TO RECLOSING FACILITIES" is intended to mean that 
recognition will be given to the type of reclosing: i.e., manual 
or automatic, and the kind of protective schemes insofar as time 
is concerned. 


6. ELEMENT 


An element is defined as a generator, transmission circuit, 


transformer, circuit breaker or bus section. 
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Date February 10, 1975 


System Planning Division 


Guides for Planning Area and Regional Supply Facilities 


Introduction 


System Planning Division Procedure No. El "Guides for Planning 
the Main Trunk Transmission System" specifies the reliability require- 
ments for design of the power system. While those criteria 
apply mainly to the bulk power system where contingencies are 
more likely to cause loss of a major portion of the East System 
or jeopardize the interconnected system, they also apply to 
other parts of the power system where local instability from 
a fault could cascade into the bulk power system. Studies to 
check the adequacy of all parts of the system to meet those 
criteria are normally carried out by those who plan the bulk- 
power system. 


In addition to designing the system as a whole for adequate 
Stability and steady-state operation, it is necessary to design 
each part of the system for adequate continuity or availability 
of supply to individual large customers and to transformer stations 
supplying the’ distribution system. Criteria’ for availability are 
therefore required, particularly for the parts of the system 
known aS Area and Regional Supply Facilities. Such criteria are 
contained in this Procedure E2. | 


It is also necessary to provide facilities for maintaining 
adequate normal and emergency voltages throughout the system. 
Voltage control is achieved mainly ty installation of 
reactive power sources throughout the system, from genera- 
tors to distribution capacitors. Voltage criteria will 
be covered by a separate procedure. 


This Procedure E2 is not intended as a set of rigid rules, 
but rather as a guide towards establishing the minimum availabi- 
lity criteria for the Area and Regional Supply system. Parts 
of the system may be designed for lower availability, but this 
should only be done where the stage is temporary, where the 
reliability requirements of the load are low, or where the cost 
of the recommended reliability is unjustifiably high. Occasionally 
a higher availability may be justified, where the load is un- 
usually sensitive or the cost of improvement is low. 


Copies of this Procedure are being sent to the Power System 
Operations Division, with a note emphasizing that it is being used 
as a guide only, and hence will not be rigidly applied. 


NO. * uEZ 
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Because this Procedure is based primarily on the accumulated 
experience of the members of System Planning Division, it will 
be revised as considered necessary. Section Heads and Planning 
Engineers are asked to use =his procedure now on a trial basis 
and to report any comments or suggestions for change to their 
Department Head. 


The Area and Regional Supply System 


This) comprises alin230 .vVemmasliswky cimcurtsiusapel ying 
step-down: -trans former ostati onst frome 230 skV ior 125) kV) tof sue 
27.6 or 13.8 kV (called LV in the following), the step-down 
stations themselves, and the - 5009215... 0% 230-115. kV 
autotransformers and associated switching used for area supply. 
The high-voltage switching at major stations must be considered 
not only for its effect on area supply, but also for its effect 
on system stability. 


Normal Operation 


Normal operation is the condition under which all lines, trans= 
formation and switching in the location being studied are in- 
service. Under these conditions all facilities are to be loaded 
within their established normal capabilities, and all voltages 
are to be within their normal range for any condition of load 
ox generation which could reasonably be expected to occur at 
any time of the year, 


Emergency Operation 


Emergency operation is the condition under which one or 
more elements of the system are out of service for routine 
maintenance, or for repair because of a failure. A number of 
common emergency conditions are listed in Table I. The operating 
conditions applying during the emergency are determined by the 
availability level assigned for a particular emergency and a 
particular size of load. These availability levels are defined 
in Section 6 below. 


Lr ald availability levels except C, it is permissible for 
the load to be interrupted, but the load must be restored to 
service within the specified period, depending on the 
availability level, 


At all times during the emergency while load is being 
Supplied, all facilities are to be loaded within their applicable 
emergency capabilities. This may be either short-term or long- 
term emergency capability as conditions dictate.. 


System Planning Division Procedure Date February 10, 1975 
5. Load Level 


The availability level required depends on the size of the 
load. For purposes of Table I, the load level is the peak load 
in Megawatts for the most critical month for the station or 


group of s 


tations being studied, for a time about 2 to 5 years 


hence, depending on the lead-time for the new facilities. 


lifiss the 
occurrence 


load which would be interrupted by the 
of the contingency listed. Where "Interruptible" 


load is supplied from a station, the level of availability 


required s 


Availabili 


C 


R2 


hould be discussed with Customer Service Division. 
ty Levels 


Continuous supply. This is the highest level. 
There should be no interruption in supply as a 
result of the occurrence of the contingency. 
This level is designated C in Table I. 


The voltage may collapse for a few cycles while 
a fault is being cleared but it must rise 
immediately after fault clearance, and must be 
restorable to an acceptable emergency level by 
automatic action such as on-load tap changers. 
Transfer of such load to another source is 
permissible to relieve overload, but the 
transfer must be done without interrupting the 
load. 


Restorable Rapidly. An interruption of 2 
seconds is permissible at the time of a 
contingency or at the later time of load trans- 
fer. Restoration within 2 seconds must be ~ 
accomplished automatically by operation of LV 
breakers without operator intervention. 


Restorable by Switching. Load may be interr- 

upted at the time of the contingency, but it 

must be restorable within one-half hour, for example 
by the action of a control-room operator using 
remcte or Supervisory control, or by use of 
automatically operated switching at the affected 
Station. 


Restorable by Manual Switching. Load may be 
interrupted at the time of the contingency, but 

it must be restorable within 2 hours. It is assumed 
there will be switches, quickropeners or other 
devices available, which can be operated by a 
travelling operator or maintenance man to restore 
Service. Means of quickly transferring metering, and 
relaying will also be required. 
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R8 Restorable by Maintenance. Load may be interr- 
upted at the time of the contingency, and 
restoration must be within 8 hours. Restoration 
is assumed to be the result of repair work 
or temporary connections which can be made by a 
maintenance crew. This may comprise such line 
work as replacement of a pole, crossarm, or in- 
Ssulators, repair of a broken conductor, by- 
passing a defective switch, or such station work 
aS repair or replacement of a defective low- 
voltage breaker, connecting of an on-site spare 
transformer (including metering, relaying, and 
service supply). Station design must be suitable for 
transformer connection to be accomplished within 
8 hours. 


X There is no fixed standard of availability against 
contingencies marked X. TheSe are treated as 
“Possible but Improbable Contingencies". Each 
case must be considered separately, taking into 
account the probability of occurrence, length of 
repair time, extent of hardship caused, and 
cost of providing availability against the con- 
tingency. In any specific case the availability 
will be at a level no higher than R8, and may 
be as low as to permit the outage to extend for 
several days. 


Requirements for Transferring Load 
se aa ee 


The action to restore supply may be taken either at the 
location where the fault occurred, thus restoring supply 
along the normal supply path, or at a remote location to 
transfer the load to another source. If load is trans- 
ferred, provision must also be made to transfer it back to 
the normal supply at a convenient time with minimum interr- 
uption. 


In the case of transformers and some cables, which have 
a high short-term overload capability, advantage may be taken 
of this capacity, provided excess load can be transferred 
off within the time limit set by the short-term capability. 
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Possible but Imprcbable Contingencies 


No standards are set for availability against more severe 
contincencies than those listed in Table I because of their low 
probability of occurrence and the generally very high cost of 
reliability measures. However, consideration should be given 
to the effect of these contingencies on specific important 
loads, and the availability against them should be improved 
wherever this can be done at reasonable cost. 


Some catastrophic contingencies for which there is no 
minimum standard are: | 


- Loss of several towers due to windstorm 
or vehicle impact. 


- Simultaneous or overlapping outage of two 
independent elements, such as outage of a 
transformer and the line supplying a second 
transformer at the same station. 


= Fire or explosion following a fault. 
- Loss of all circuits on the same right of way. 
= Loss of a complete station. 


Another group of contingencies which can occur, but 
which are only affected to a limited extent by planning 
decisions are listed below. 


“ Errors in design, construction, or operation. 
- Failure or misoperation of relaying. 

- Failure of supervisory control. 

- Faults in station service system. 


One type of possible but improbable contingency which 
will need more consideration in future is the catastrophic 
outage of several circuits on one right of way. It is likely 
that in the medium term future there will be narrow rights 
of way containing heavily-loaded multi-circuit tower lines 
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with close spacing between iines and shared use of the EL gnc 
of way. In such cases, there is risk of an extended outage 
to one or more towers of one or more lines due to causes such 


asia = Tornadoes 
= impact by aircraft 
~ gas-line explosion 
- relocations for highway modifications 
~ footing damage due to flooding or 


land slippage. 


In the past, it was possible to provide a temporary woodpole 
bypass circuit on short notice, but such will not be possible 

On a crowded right of way. Therefore, consideration will 

have to be given to provision of back-up circuits from a 

different direction so that part of the load can be restored 

while repair to the damaged section is carried Outer THe 

criteria of Table I require provision of backup to large loads for 
loss of two circuits, but this backup need not be from a different 
direction, and can, in fact be from two other circuits of 


the same multicircuit line. 


H.-P. Smith 
Director of System Planning 


February 10, 1975 
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CIRCUIT LENGTHS & 
YEARS OF RECORD FOR 
CRITICAL SOUTHWESTERN ONTARIO CIRCUITS 


Record 
Pr nae lo bie. Length (km) (Years) 
D4w 89.4 8.000 
D5W 89.4 8.000 
D6V 64.8 6.033 
D7V 64.8 We0es 
M20D ERS 4.167 
M21D 12% 4.167 
M31W S606 3.67 
M32W 96.8 5.417 


M3 3W 96.8 5.583 
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